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Monday, February 27, 2012 229adetection of mRNA synthesis. We have simultaneously imaged thousands
of single-molecule transcription events at sub-second time resolution for
hour-long time periods with two separate multi-color fluorescence imaging
techniques: (a) actively stabilized (drift of <1 nm over hours) temperature-
controlled total internal reflection (TIR) microscopy; and (b) the zero mode
waveguide multiplex confocal imaging system developed by Pacific
Biosciences.
With this experimental setup, we have observed up to eight rounds of promoter-
specific Pol II transcription per DNA template. The efficiency of transcription
re-initiation was found much higher than the efficiency of the first transcription
round, suggesting a ‘‘scaffold’’ left from the first round could facilitate re-
initiation. We have further found that a key component of this scaffold is the
promoter recognizing TFIID complex. Using multiple fluorescently labeled
GTFs (TFIIB TFIID, TFIIF, Pol II, and TFIIE) we are currently investigating
the structure and regulation of this re-initiation scaffold, the order of the PIC
assembly, and the mechanism of transcription modulation by sequence-
specific activators in the context of promoter DNA elements.
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Bacteria have long been thought of as ‘bags of enzymes’ lacking internal struc-
ture. However recent studies have shown that many of their essential processes,
including transcription, are spatially organized [1]. Still, the precise distribution
of active RNA polymerases (RNAPs) remains unclear, as the main tool for
studying protein localization - diffraction-limited fluorescence microscopy -
has been unable to resolve important structural details.
We have investigated the spatial organization of RNAP in E. coli using the super-
resolution technique photoactivation-localization microscopy (PALM) [2]. After
tagging the endogenous RNAP population with a fluorescent protein, we imaged
its distribution under various growth conditions. While its distribution was some-
what random in cells grown in minimal media, we found strong clustering and
‘banding’ in cells grown in rich media. We have applied various strategies to ana-
lyze such clustering in aneffort to understand its underlyingbiological significance.
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Gene expression is stochastic, and noise that arises from the stochastic nature
of biochemical reactions propagates through active regulatory links. Thus, cor-
relations in gene-expression noise can provide information about regulatory
links. We present what to our knowledge is a new approach to measure and
interpret such correlated fluctuations at the level of single microcolonies,
which derive from single cells. We demonstrated this approach mathemati-
cally using stochastic modeling, and applied it to experimental time-lapse
fluorescence microscopy data. Specifically, we investigated the relationships
among LuxO, LuxR, and the small regulatory RNA qrr4 in the model
quorum-sensing bacterium Vibrio harveyi. Our results show that LuxR posi-
tively regulates the qrr4 promoter. Under our conditions, we find that qrr
regulation weakly depends on total LuxO levels and that LuxO autorepression
is saturated. We also find evidence that the fluctuations in LuxO levels are
dominated by intrinsic noise. We furthermore propose LuxO and LuxR inter-
act at all autoinducer levels via an unknown mechanism. Of importance, our
new method of evaluating correlations at the microcolony level is unaffected
by partition noise at cell division. Moreover, the method is first-order accurate
and requires less effort for data analysis than single-cell-based approaches.
This new correlation approach can be applied to other systems to aid analysis
of gene regulatory circuits. This work has been published in Biophys J. 100,
3045-53 (2011).1157-Plat
Quantitative Dissection of RNA Polymerase-Promoter Interactions using
Protein Beacon Assay
Vladimir Mekler1, Leonid Minakhin1, Olga Pavlova1,
Konstantin Severinov1,2.
1Rutgers University, Piscataway, NJ, USA, 2Institutes of Molecular
Genetics and Gene Biology, Russian Academy of Sciences, Moscow,
Russian Federation.
Promoter recognition and melting by RNA polymerase (RNAP) are key points
in gene expression and regulation. E. coli RNAP binding to promoter DNA and
model promoter fragments can be measured using a new protein beacon assay.
The assay relies on the detection of fluorescence signal from a fluorescent label
incorporated into the s70 subunit of RNAP close to region 2.3 of s70, part of
RNAP that recognizes the 10 promoter element. The ground level fluores-
cence of such RNAP beacon is low because the region 2.3 aromatic amino acids
quench the fluorescence. When RNAP beacon binds promoter, the quenching
interactions become destroyed, leading to increased fluorescence.
Promoter melting in bacteria is nucleated at upstream edge of the transcription
bubble. The mechanism of downstream propagation of the transcription bubble
to include the transcription start site is unclear. We introduced new downstream
fork junction promoter fragments mimicking the downstream segment of pro-
moter complexes. We demonstrated that RNAP binding to downstream fork
junctions was coupled with DNA melting around the transcription start point
and identified structural determinants of affinity and transcription activity of
RNAP-downstream fork junction complexes.
The product of E. coli T7 bacteriophage gene 2 (gp2 protein) is a potent inhib-
itor of host RNAP. We applied the beacon assay to the mechanism of gp2 in-
hibition. We measured the effect of gp2 on RNAP binding to various promoter
fragments. In this way, the effect of gp2 on RNAP-promoter interactions was
dissected. Gp2 greatly decreased RNAP affinity to downstream promoter du-
plex and inhibited RNAP binding to template and non-template strand seg-
ments located between the 10 promoter element and downstream edge of
the transcription bubble. The inhibition of RNAP interactions with the tran-
scription bubble by gp2 is a novel effect, which may occur via allosteric
mechanism.Platform: Muscle Regulation
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Troponin on the thin filaments of striated muscle couples Ca-concentration
changes to movement of tropomyosin. Ca-free troponin is thought to shift
tropomyosin to the myosin-blocking position, a constraint that is released after
Ca binds. Although the location and regulatory movements of tropomyosin
have been defined at near-atomic resolution, the organization of troponin on
thin filaments has not been determined definitively, and different models of tro-
ponin position on actin are contradictory. Here novel single-particle analysis
(SPA) protocols were designed to reconstruct thin filament structure from elec-
tron micrographs of negatively-stained cardiac muscle thin filaments at low-Ca.
Troponin-tropomyosin has a tendency to dissociate from filaments under EM
conditions, and only filaments showing evidence of bound troponin were cho-
sen for analysis. The axial location of troponin densities on actin was identified
by newly developed algorithms. Filament polarity was determined according to
Narita and Maeda (2007). Filaments were divided computationally into 46.8
nm particles centered on troponin. SPA was carried out on these particles with-
out applying helical averaging, and successively refined reconstructions did not
degrade the troponin-tropomyosin signal. Tropomyosin strands extended
smoothly and continuously over adjacent actin monomers along the long-
pitch filament helix, occupying the myosin blocking position. Tropomyosin
atomic models fitted well to corresponding densities close to the binding site
on actin described in Li et al. (2011) for troponin-free filaments. The troponin
core-domain position and orientation deviated slightly from those proposed by
Pirani et al. (2006). A broadened tropomyosin strand density found on the
barbed-end side of the troponin core-domain appeared to bifurcate to link
tropomyosin and the core-domain. We attribute this density to the tail of
troponin-T, whose location corroborates the polarity of troponin on actin pro-
posed by Flicker et al. (1982).
